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IN’I’RODUCTION :
General Motors: Institute (G.M.‘I.); will be a ;:ooperative education
‘.school of *about 2000 students, as of February 197‘6 The .students are non-

materials students; that 1s they are Mechanical Engineers, Electrical
Englneers and Industr1a1 Engineers. Students alternate between’ 51x~week
perlods of academlc study and six weeks .of related work experience J:TI a
the1r~sponsor1ng plants. Plant sponsorship is requ1red for attendance

. . at G.M.I.

‘ MATERIALS COURSES _ _
. During the first four semesters all engineering stbldents take a
) ‘ ' common core ‘of courses. Part ‘of this common core is a three course
materials sequence - starting W1th chemlstry (Materlals SC1ence I) jin
. the f1rst semester and Materlals Sc1ence II Organic Chemistry, and
Materlals Sc1ence I1I ”Metals" in the th1rd and fourth semesters.
. The Materials Science III course taughtsﬁ‘nder the t1t1e C 27 is
a service course. C 27 1is a four credit, three class hour, two 1ab .o
hour per week course. ‘Class sizes are about 24 people with lab sizes
about 12. (Two lab sections .for each class sectioh.) Originally, class'w .
and lab pOpulationswere_equal, but when the_project lab systemxwas- o

adopted about three years ago, it was £e1“"t“that a smaller student-teacher

-
=4

fe

) o -, ratio would provide a more effective laboratory experiénce for
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the student. In retrospect thls was a wise declslon because of the

t1me corrmltment requ1red by the faculty and the amount of ava11ab1e

» . e T

equlpment in the second six- weeks.

o Because of the operatlon of the: cooperatlve program, courses ‘are
essentlally divided into two s1x-week parts. ThlS d1v151oq, lends

itself n1ce1y to a progeCt-oriented 1aboratory. .

--------------- R ‘ L5 . ’ ’

‘ In the f1rst six weeks the obJectlves are: - '

a. To become fam111ar with basic phy51ca1 testing equlpment. -
b. To know the theoretical basis for hardness testing.

.c. Be able to operate and take data from a tensile =~ *
machine, hardness testers (Rockwell, Br1ne11 Wolpert)
and impact tester. ¢

. d. Be able‘to cut, mount, pollsh etch and photograph
a micro sample. °

ed.“ Be able to operate furnaces and rolling mill - '
£, Know proper quenching techn1que : .

These obJectlves are accompllshed through 1ectures, demonstratlons, and

pract1ca1 ‘experience by the student. In’ “the f1rst sectlgbn, the students -~

. . ‘ V.o )
are exposed to various experiences: ce 4 ;

First Six Weeks - Outline_ .

1. Hardness and hedt treatment; ‘. o

2. Tensile test and mount:mg of specimens (from f1rst lab);

3. Hand polishing of miCro specimens; ; . T
4. Micro examination and micro photography, ro.

52 -Cold work and recrystalllzatlon, and . o _

6. Discussion of work, review and test. i t Ll

In the- classroom segment of the section, the student is exposed

to materlal wh1ch is supported by his 1ab experJ.ences. .For example,

e | L
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mechanlcal propertles, crystal structure, dlffusmn, and phase diagrams
are dlscussed 'I‘hese subJ ects, plus his pract1ca1 1aboratory experlence,

'prepare ‘him for the pro; ect phase of the 1ab Prior to the last lab

class of the first “six weeks} each student recelves a handout, expla:mlng

in deta11 what is expected of him in the following sectlon. _ (Handout

is appended ) This handout: is subsequently d::sc.ussed J.n the last:

L€ klaboratory of the sectlon and any questlons regardmg the pro;]ect ‘

e

portlon of the 1ab are answered This allows the student the option °

of p1ckmg a pro;ect related- to hlS work experlence or his plant env1ron-

v

ment if he so des1res. S o *. S
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A pro;;ect is chosen at t\he Ffirst 1ab per;Lod 'of ‘the second six
' week scssmn.  The students must present a proposal of the1r project
.before- they beg:m. Each propoSal contains (a) a problem statement, \
(b) a plan of attack, (c) a t:me tab1e, and (d) an evaluatlon scheme.
It is the 1ntent on of this proposal to make each student team determine -
a plan mth an evaluatlon criteria before begmnm‘ and thereby avoid
| any d1ff1cu1t1es Iater. Along with th1s proposa.l ithey are asked to

f:md current referen.ces to procedures and evaluatiops techniques as -

,.‘,’.v" . -
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," pltfalls in the plan can be el:mmated and after this meeting the

¥

- L

:mvestlgatlon can be TUn smoothly and completed 4in the tlme allotted.
_}A‘fter approval. is obtamed the students-are free to work at the1r b _ !
own pace and an. open lab concept is maJ.ntaJ.ned By the open lab, 11:

is meant that® during the course of a week, the’ students are allowed to

L d

come into edther of the two labs that are assocxated with the class they
are takmg, plos there are perlods when a student lab assmtant is :m .
the la‘poratory 50 they can work on their own. This fac111tates long A
term heat treatments and more compllcated arrangements that can not be |
done. in a normal two hour* lab During executlon of the pro;nect, the

L

class anstruc;tor 1s available‘to consult on problems and to dJ.SClISS LI
the information gathered by the stucients. . ~ ‘Q‘ ] ' o '

The last, phase of the process is the reporting of their findings. ‘
This is done in both oral and wrltten form. The oral report is a .
“defense of the mbthod and the data Collected and is conducted in the
classroom in conjunction with the other students. This allows each

student to become aware of the work being done and mfonnatlon gathered

by the other students.

'IHIZ EVALUATIO\I

E Evaluatlon of a proj ect is’ done hy botlL the professor and the

students.  The students are given a handout sheet and asked to grade

’

each oral report for techn1cal content and presentatlon (Handout
A\

appended). The professor evaluates this performance based on:
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a. How well the student followed the proposed plan. -
b. If bad data are obtained; how well do they account

for the deviation. - o - | T ‘

-_AcmWorkmethod . B B

-

d/ Are the conc1u51ons and reconmendatlons consmtent _
w:n:h the data.

i
\"

¢

GerZ/rally allowances are made far equlpment malfunction or other

\ oreseen delays. In addltlon, during the- prOJ ect students are

‘ZIowed to ‘re-evalyate a "method and change the:rr orlg:mal plan upon

/presentmg proper Justlflcatlon. These types of deV1at1ons are allowed

w1thout penalty Gradmg is done as mich as poss1b1e w:t.thout regard

_to class grades and mfortgnately is subJect:we in nature. 1f the

- 'students follow.thelr plan, use reasonable data collection methods,

and don't make any maJor mn.sta.'kes in their dlSCllSSlOD. or conclusmns .

they can expect a grade of "B" for their written report and the l

A teohnxcal portion of the oral report. Presenta.tlon ‘grades are given

based -on format and dehvery and are about 20% of the total lab grade.

PROTECTS o e . "
The basu: ‘phllosophy of the prOJect— rlented lab 15 to mvolve

the students in a challengmg mvestmgatlon in which. he can relate to

a problem, become fam111ar w:.th testmg techmques, be free to apply' hlS :
t I

mgenuz:ty and exper:.ence to extract mformatlon, and to relate the

)

lecture’ materlal to the laboratory experience.,*

Some typical prOJects. 'I;he evaluation of s<:rew dr:wers. The .

students purchased a number- of comnerclally available’ ,screw drivers ;md

S ' W .
: 7y
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ompared the1r relatlve characterlstlcs and evaluated these .character-

1st1cs on a qua11ty scale. The f:mal reconmendatlon ranked the tools-

from those sultable for openmg pa1nt cans to those a mechanlc would
purchase for a long tem use. _' L e e T
Another Student team attempted to mprove the propertles of a
lower Strength alloy steel fastener to that of a h:Lgher strength
fastener by heat treatment. ' | e

> There have been numerous projects on sheet metal test:mg, 1mpact1ng

L Y
‘.

of sheet metal spec:mens, Olson cup dramng experments using Var:Lous o

heat treated sheets and” non- ferrous materlals. Pro;ects can and do

- take man)?“ forms._ 'I‘he 1deas are 11m1ted only by the mglnatlon of *

the student. (Add1t10na1 pro;|ect t1t1es are llsted in the Append:uc )
The freedom of this form of laboratory experlence is con51derab1y

- more rewarding for both student and- professor than a. conventlonal -

"canned" laboratory In general, the proj éct lab is well accepted by

" the 'stu-fients, even though the 1ength and d1ff1cu1t1es of the problem
] « -

T R LNy

' /s.re ~greater than “in conventional labs.
Some question has been raised as to the 1ack of a "well rounded"
lab program. Th.lS would be one in th.ch the stud.ent sees & nwnber of
planned- exper:.ments to illustrate certain phenomenon ‘that correlate
wmth the class 1ecture. The pro;;ect 1ab in some ways limits the
exposure of the student but 1n turn 1t creates a "need to know"
atmosphere. At the same t1me, the mvolv/ement of the students among

themselves and with the professor, fosters questlons and greater

. .
0 '
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mtcractlon. Becausc of thls mterplay I be11eve a much greater )
understandmg is actually achleved . _ _ - , C
SMARY . -

In sunmary the key mgredlems for a successful project-oriented
lab are small: classes, ‘time commitment on 1i;he part of the instructor
and an Jmag:matlve student body. ' . . | '
It 1s hoped that this brief present tion has glven you an .

:m51ght to ‘the method by Wthh we condugt a laboratory in the materials

* area and h0pe£u11y w111 stlmulate you to try new methods by which

'students may more profltably study materlals. ' ' B o

1
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;»of your choice.p You may investigate any materials problem prov1ded (1) 4t can

- T > . .
' ’ : " =~ o8

° . two persons. ’ . [

APPENDIXA S B R
o - C-27 LAB PROJECT L SRR
During tho kﬁc'xd six weeks~session you will be asked'to do a project on the .
~eva1u¢L1on of some maLerial or process dealing with materials. This progect is
be done w1th the equipment available at G.M. I. and (2) the scope of the project
permits its completion in the allotted six. weeks. L
. 3 » ', > L o L : R : T

WThe purpose of this project is to allow you to investigate an area of materials: - -

" that you consider interesting. L - ' oL v

The followmng ig-a list of the requirements for this project‘- : .
'v‘l; During the. first 1ab period of the seventh week you will be asked

to submit a proposal for ‘your project. This proposal will’ consist
of the following items: -

«
L}

'(a) ' The subject of your investigation. ‘This should be the . |
- . title of your final report. : . , , ’
(b) An explanation of the problem area you intend to investigate.

(e) The names of the team members. . Each team will consist of

(J? A 1ist of materials needed in your. project.' >
(e) The type of equipment. that you will be using such as
furnaces, hardness testing machines, tensile testing '
machines, oete. . ; ,
)y How ‘you propove to eévaluate the information that you ‘have
s . a gathered. By this I mean what graphs you intend to draw;
| what specific. properties are you intending to characterize,
" how you will characterize them. ’
() A time table for your proposed project., ‘ E l
' ‘ : . | . 1
. Thix nroposal will be typed and submitted before your begin working. In order g:ﬁﬂ
gain- approval for working, each student team will be questioned on the project in
order to determine how well they have concelived the progect. At this time, if approval -
is granCed, the students can begin the project portion of the 1aboratory.

'l

2. After the project is completed, the following information and reports a
will be s ubmitted. Each team,will be asked to prepare a written and
an oval report of their’ project. The oral report will be presented “

’ 8 ].C) o ; “* oo |
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to the LuLire class. This oral'report will be gradedf%ased on the presentation
_and your ability to answer questions from the group. Your grade for this
 'prcsentation will be determined by my evaluation and by a classroom evaluation
of your peers. Secondly, ‘the written report will consist of the raw data
that you ﬁave takén and presented in a neat tabular format.
_type.

fconvenient for.engineering purposes is a graphical format.

This need not be
You will present your evaluation of the data in some form. Most »
You willepresent'_
conc1u51ons and recommendations if they suit your project. And finally you
will be asked to discuss your data in not more than five typod pages.ﬁ .

)

- - ) " ’

If during your work experience, you encounter something that you feel would be

a reasonable project please feel free to call we at 8+446+9882 te discuss

‘this idea. If by the end of 'the first week of class in the new section, you have

not dctcrmined a project, I will assign a project of, my choice at that time.
5.
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_ Please judge, each presentation on technical content and presentationr."

APPENDIX B . 8-

~
-

STUDENT EVALUATION OF ORAL PRESENTATIONS

-A551gn a. grade

As a guide line /--
" Technical Content

o/ 1 (failing) to 5 (excellent)

]

L

: "

Does the 1nfomat10n sound reasonable'?

~ B) Are the data saymg the same thing as the speaker? i
C) Did they make any errors in thelr method?
D) Can they answer reasonable questlons on the subJ ect?
: _ L0
Presentation . ' ‘
¥ - A) Can you hear the speakers'? ‘ )
- B) Do the V1sua1 a1ds make sense - can you read them?
C)y-,Did they read the report? o o
Talk  Speakers Teehrzzg@l Presentation = - Compents
1, . ’ ’ ) ' ) . : ) "\
.2 -
5 ;
4 .
5 ’ ' o
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